In this issue, Gonzalez et al. (4) report new sweating rate equations that not only provide a more accurate estimation of water requirements within the boundary conditions of the widely used original Shapiro equation (OSE) (11) but also encompasses higher metabolic rates (ϳ800 W), lower air temperatures (15°C), extended exercise durations (2 to 8 h), and up-to-date clothing ensembles. Additional parameters were also included during heat balance calculations that account for factors such as the dripping of sweat that provides no evaporative cooling. The authors derived two separate equations by analyzing time-weighted sweat loss data [determined using the Peters-Passmore equation (3)] from over 500 trials using a sophisticated fuzzy piecewise regression approach to account for disparity within the data set in terms of work-rest cycles and sweating patterns. A new equation (PW) is described, expressing hourly whole body sweat rate as a function of the required evaporation to attain heat balance (E req ) and the maximum evaporation possible under the present environmental conditions (E max ). A second equation, an exponential corrective algorithm (OSE C ) to be applied to the existing OSE model (11), is also reported. When cross-validated against independent data sets, the PW and OSE C equations improved sweat loss prediction by 65 and 58%, respectively, relative to the traditional OSE and yielded an absolute error margin of Ͻ100 g ⅐m Ϫ2 ⅐h Ϫ1 , a volume equivalent to less than a small coffee cup every 2 h.
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The OSE C equation is a particularly powerful solution, since it allows the easy adjustment of the many existing thermal models that employ the OSE as a predictive tool for sweat losses. The correction to the traditional OSE recommended by the OSE C equation across the range of validity is depicted in Fig. 1 . The required correction becomes greater with increasing heat imbalance (E req ) and greater with decreasing evaporative capacity of the environment (E max ), particularly when E max Ͻ E req . For example, an individual working at a moderate to high work intensity while wearing protective clothing in a warm environment may require 300 W/m 2 of evaporation to attain heat balance, but ambient humidity and clothing properties may be such that the maximum rate of evaporation possible is only 150 W/m 2 . The OSE C from Gonzalez et al. (4) shows that water requirements for 8 h of activity in such a scenario are ϳ3.6 liters less than that predicted using the traditional OSE.
To maintain core body temperature within the narrow range required for optimal human health, autonomic and behavioral thermoregulatory responses are constantly initiated to balance the rate of heat loss to the external environment with the rate of heat production from metabolism. As ambient air temperature approaches mean skin temperature (ϳ35°C), the skin-toair temperature gradient is reduced and the primary avenue of heat loss is evaporation of sweat. The evaporation of 1 g of sweat requires 2,427 J of energy (12) , so even a resting metabolic rate of ϳ100 W requires ϳ140 ml of sweat to be evaporated per hour to maintain heat balance at ϳ35°C. Occupational and sporting activities often necessitate metabolic rates that are between 5 and 10 times greater than at rest for several hours. For example, a basic military task such as marching elicits a metabolic rate in excess of 600 W (10), and if performed in a hot environment, this task would need the evaporation of ϳ850 ml of sweat per hour to maintain heat balance.
It is essential that the water lost from the body is replaced. Fluid deficits as little as 2% of total body mass can lead to an increased cardiovascular strain due to a decreased blood and plasma volume (7) and an increased thermoregulatory strain with an attendant increased risk of heat-related illness due to a decreased sweating sensitivity and capacity (6) . Water intake regulated by thirst alone is a poor indicator of hydration status resulting in "involuntary dehydration" during exercise in the heat (5) . Therefore, to maintain health and performance, it is clear that the prediction of sweat losses is needed to plan water replacement strategies for soldiers, athletes, and industrial workers operating in hot environments (9) .
Predicting the water requirement to replace sweat losses is not a straightforward process. The amount of evaporation required to achieve heat balance (E req ) can be calculated using environmental parameters, metabolic heat production, skin temperature, and dry clothing insulation, whereas the maxi- mum rate of evaporation possible (E max ) is determined by ambient humidity and evaporative resistance of clothing. However, sweating efficiency (i.e., the ratio between the amount of sweat evaporated from the skin and the amount of sweat secreted) is rarely 1.0. Therefore, simply calculating E req and using this value if it falls below E max will almost always underestimate sweat losses. In fact, sweating efficiency, and therefore whole body sweat output, is a complex function of the magnitude of heat imbalance and the environmental capacity for evaporative heat loss. Shapiro et al. (11) developed the OSE in 1982, predicting hourly sweat losses using E req and E max . The OSE was applicable for resting (75 W) to moderate energy expenditures (450 W), an array of environmental conditions (20 -54°C air temperature, and 10 -90% relative humidity), and with clothing that was appropriate for military activities at the time. However, despite widespread use, the OSE has been found to systematically overestimate water requirements during 2-h exercise bouts at air temperatures Ͻ30°C and during 8-h exercise bouts at 20 to 40°C (2) . Considering that these exercise durations and environmental conditions are commonplace in many walks of life, work was urgently needed to improve sweat loss estimations. The vastly improved sweat loss prediction equations reported by Gonzalez et al. (4) will reduce the risk of hyponatremia that occurs with sustained overconsumption of water (1) and will eliminate the unnecessary physical and logistical burden on individuals who must carry their water requirements (e.g., soldiers). More accurate drinking guidelines will also prevent workers simply disregarding water recommendations that ultimately bring about a breakdown in a hydration management system. Future research may be required to expand the applicability of sweat rate prediction equations, particularly under conditions with variable solar loads and at lower air temperatures (ϳ15°C), where the latent heat of vaporization of sweat is effectively greater during exercise in cold environments with clothing ensembles of a low water vapor permeability, due to cycles of evaporation and condensation within the layers of the garment (8) . The validity of sweat rate predictions could also be further developed to encompass individuals with a greater body mass and surface area wearing specialized equipment (e.g., American football players).
